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NOMENCLATURE 
Flow area through compression mode valve 
Flow area through expansion mode valve 
Area of pneumatic cylinder piston 
Viscous friction coefficient 
Damping coefficient 
Critical damping coefficient 
Flow coefficient 
Error signal input to compensation amplifier 
Input to power amplifier 
Resultant force acting on the centerbody 
Feedback signal 
Acceleration of gravity 
Motor inertia 
Specific heat ratio 
Constant defined in Appendix B 
Proportionality constant for power amplifier 
Back emf coefficient 
Spring constant for spring inside pneumatic cylinder 
Proportionality constant for pneumatic cy linder 
Proportionality constant for linear pressure. switch 
Gear ratio for speed reducer 
KT - Motor torque constant 
� Proportionality constant for feedback -signal 
m Mass of air inside pneumatic cylinder 
M Mass of pneumatic cylinder pis ton and cente_rbody P. 
N Sound level feedback signal in volts 
v 
P Pressure acting on piston in pneumatic cylinder 
P
1 
Lower limit for minimum sound level range 
P
2 
Upper limit for minimum ·sound level range 
P Atmospheric pressure 
a 
P Output of linear pressure switch c 
P
E 
Logic signal input to three-way valve 
P Pressure of source s 
P Velocity pressure feedback signal in volts v 
R Ideal gas constant for air 
R
1 
Input resistance to compensation amplifier 
R
2 
Feedback resistance to compensation amplifier 
� Reference signal 
R Motor·resistance m 
S Transformed independent variable 
t Time 
t Time necessary for the system to reach steady-state SS 
T Temperature of air in pneumatic cylinder 
T Temperature of atmospheric air 
a 
T Temperature of air in source 
s 
v Specific volume of air in pneumatic cylinder 
v Specific volume of air in atmosphere 
a 
v Specific volume of air in source s 
V Volume of pneumatic cylinder 
V. Initial volume of pneumatic cylinder ]. 
V Output of power amplifier 
m 
X Centerbody displacement 
X Initial comp:::-e:ssion of spring in pneumatic cylinder 0 
x88 Centerbody displacement when the system is at steady-state 
a Angular displacement of motor shaft . 
8 Angular displacement . of speed reducer output shaft 0 
e Damping ratio 
T Time constant 
w
d 
Damped natural frequency 
INTRODUCTION 
Since the introduction of high bypass ratio turbofan engines 
the noise problem from aircraft shifted primarily from jet noise 
to noise of turbomachine origin. The present dominant noise 
source is the inlet noise generated by the first compressor 
stage (or the fan) . Acoustic liners to reduce this noise 
have met with only limited success since the noise reduction 
to cost ratio is quite low. There are also many technical problems 
with acoustic liners that are not completely solved. 
Another method is by means of the choked inlet. This device 
simply accelerates the air to sonic velocities in the opposite 
dir�ction of the �cmnd pr0pagation and literally chok8s off the 
noise. It has been found that choking is acoustically effective 
and brings about large noise reductions of as much as 30 db* but 
creates numerous aerodynamic problems including large pressure 
loss, possible instabilities, etc. However, it has been observed 
experimentally (see footnote and also from recent tests at NASA-
Langley by Dr. Lumsdaine) that some noise reduction can be obtained 
even when the inlet is operating subsonically. The pressure 
recovery is high and instabilities are minimum. It should be 
noted that �arge noise reductions are really not necessary since 
this would be a form of 11overkill", because the noise from other 
* 
Lumsdaine, E. "Results of the Development: of a Choked 
Inlet, " 72 Inter-Noise Proceedings, Washington, D. C. , Oct. 4-6, 
PP• 501-506. 
sources of the aircraft is usually about 10 to 20 dbs below the 
maximum noise level which comes from the inlet (Figure 1) . Thus 
the amount of inlet noise reduction required with the sonic inlet 
depends on the other noise sources from the aircraft, the. 
environmental conditions, and the flight conditions (takeoff or 
landing, gross weight, flap setting, etc.) . This means that an 
automatic control system must be used so that the pilot. can 
preset the amount of noise reduction desired for the prescribed 
conditions; then the automatic control would maintain the 
aerodynamic and acoustic performance of the inlet. The purpose 
of this thesis is to design, analyze and test an automatic 
control system to fulfill those requirements. 
ANALYSIS 
A diagram of the control system is shown in Figure 2 .  The output 
of the system is the centerbody position, x, and its input 
is the reference signal, �· A brief description of the operation 
of the system is given below. 
The compensation amplifier receives velocity pressure and sound 
level signals and sums these with their appropriate algebraic 
signs to the reference signa�. It also gives this sum a gain. The 
power amplifier receives the output of the compensation amplifier, 
gives it a gain, and strengthens the signal so that it can drive 
the d-c motor. The d-c motor positions the linear pressure switch 
through a speed reducer. The pressure from the linear pressure 
switch is then fed to a pneumatic cylinder which positions the 
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Figure 2. Control System Block Diagram 
centerbody. A more complete description of each element is given 
in Appendix A. 
The analysis of the system will proceed in two parts, the 
feedback path and the feedforward path. 
Feedback Path 
The feedback path consists of two branches, whose difference 
makes up the feedback signal. These branches include the velocity 
pressure branch and the sound level branch. 
The velocity pressure signal is the difference between atmospheric 
pressure and the pressure measured normal to the flow by a static 
prc3sure tab located in the centeTbody. The sound level sigual is 
the sound level measured by a microphone and sound level meter at 
a point six inches from the lip of the cowl. The locations 
of these two measuring devices are shown in Figure 3.· 
Both velocity pressure and sound level can be assumed to be 
functions of centerbody position and throttle position. These curves 
have been plotted from experimental data for maximum throttle 
position and are shown in Figure 4. 
The ordinate of Figure 4 has.the units of volts. These curves 
are actually the outputs of the linear pressure transducer and the 
rectifier shown in Figure 2. As Figure 2 shows, the static 
pressure signal is transformed to velocity pressure in volts by 
the linear pressure transducer, and the sound level signal is 
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transformed to a-c volts by the sound.level meter and to d-c 
volts by the rectifier. These two feedback signals are summed 
at the summing point with a reference signal corresponding to 
the steady-state solution to form the system error given by 
the 
E = R 
E 
Figure 
p < 1 - p 
+ 
4 
s; 
N - p v v 
shows that 
p2 
sound level remains 
(1) 
for the range 
approximately at its minimum value. The 
reason for this is because the_flow is choked throughout this range. 
The flow area decreases until it reaches a minimum between P = P1 
and P = P2 and then increases again. Thus, it will be assumed that 
any pneumatic cylinder pressure in this range is a minimum sound 
level point and is acceptable as an operating point. 
The value of � was chosen so that the error is zero near the 
point P = P1• This is sh9wn on Figure 4 as the intersection of the 
two curves. The reason for this is to reduce response time and 
to keep the noise at a minimum over a wide range of throttle 
positions. Figure 4 shows that with the error equal to zero near 
P = P1, · a relatively large centerbody overshoot can occur with 
no increase in sound level. This means that a relatively low 
damping ratio can be used, and thus, a lower response time will 
be realized. Also if the flow were reduced it would be expected 
that the zero error point would move to the right and downward while 
the minimum sound level point moves only downward. Thus, the sound 
level would be minimized through a wider range of throttle positions. 
8 
Experimental data is available only f6r the full throttle position 
because of the nature of the experimental equipment. The throttlin? 
device on the steam ejector is a gate valve, and as this valve is 
closed the source noise actually increases due to increased 
turbulence and fluid velocity through the wedge of the valve. 
However, in a jet aircraft engine the source noise decreases with 
throttle position due to decreased blade tip speed. It should 
be noted that the feedback signal is important only in a throttle 
range where choked flow can be�maintained. As soon as the flow 
is reduced to a point where the inlet cannot be choked the noise 
reduction is lost. 
The error signal for this aualysis is shown in Figure 5. It 
was obtained from experimental data for maximum flow through the 
inlet. 
Feedforward Path 
The input-output relationships for the elements of the feed-
forward path are given as follows: 
Compensation Amplifier 
Power Amplifier 
v 
2 = -K 
E a 0 
(2) 
(3) 
9 
2.0· 
LO 
,...... 
ti) 
.µ 
r-4 0 0 
> 
..._, 
� 0 � � � 
- 1 .0 
- 2 .0 
10 I I I 12 \ 1-t-4--+f.-\---1� ---ili----118 --+--2b-
\ 
Figure 5. System Error Signal 
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(b 
+ _T_- _o) � = -.:l..v dt2 1\i dt R
m 
m 
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a= 
K 
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Further discussion of the above four elements can be found in 
Reference (1) . 
Linear Pressure Switch 
p c _ K 
8- p 0 
Pneumatic Cylinder and Centerbody 
2� k A k d A _.£ = _.2. f T> ) - __.£ 2 + M X. M ,P-.1.. a M Xo dt p p p 
F 
M 
p 
All of the elements described above are linear elements, and all 
except for the d-c motor and pneumatic cylinder ar_e proportional 
elements. Equations for the two nonproportional elements were 
(4) 
(5) 
(6) 
(7 ) 
derived from Newton's Second Law. The force system on the center-
body was obtained from experimental data and is shown in Figure 6. 
It would appear that the next step would be to combine .all of 
the above equations to obtain the open-loop transfer function. 
However, before this can be done it would have to be assumed that 
the signal between any two elements exists instantaneously. As 
the discussion below will show, this assumption is not always 
valid. 
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N 
There are three different types of signals in the control 
system shown in Figure 2. These include electrical, mechanical 
shaft, and pressure signals. 
It is obvious that the first two of these can be assumed to 
exist instantaneously. Surely a small amount of time is required 
for an electrical signal to pass between elements, and because of 
shaft deflections some time is required for the mechanical shaft 
signal to be transmitted also. However, it is obvious that this 
time lapse is negligible compared to system response time. 
A pressure signal passes between the static pressure tab and 
the linear pressure transducer, and between the linear pressure 
awitch and tht:: pneumatic cylinder. This signal is transnritled 
by the flow of air between the elements. The first o f  these is 
in the feedback path and was assumed to exist instantaneously. This 
can be justified because in .the linear pressure transducer the 
inertial and viscous damping forces are negligible compared to 
pressure forces and because the volume is small. This is not true 
however for the pneumatic cylinder. An analysis of the flow 
system between the linear pressure switch and the pneumatic 
cylinder is given below. This analysis parallels a similar analysis 
given in Reference (2). 
A simplified diagram of these elements is shmvn in Figure 7.  The 
value of e is the input to the linear pressure switch which 0 
yields a corresponding value p as the output. This value of p c c 
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is then compared to the actual cylinder pressure at the summing 
point. This signal actuates a three-way valve and will either 
increase the pressure in the cylinder by allowing air to flow 
in from an outside source, decrease the pressure in the cylinder 
by bleeding it off to the atmosphere, or hold the pressure constant 
in the cylinder by closing off both ports. The operation of the 
three-way valve is such that the signal PE can be assumed to be 
a logic signal. This implies that the flow area through the two 
ports is constant. Thus the analysis will proceed in two parts 
described as the compression mode where air flows into the pneuma,tic 
cylinder from an outside source, 
p s; p c 
and the expansion mode where air flows out of the pneumatic cylinder 
to the atmosphere, 
p � p • c 
Compression Mode: 
When it is assumed that the air behaves as a perfect gas, P is 
given·by the state equation 
PV = mRT. 
Differentiation with respect to time yields 
dP RT dm mR dT m.RT dV 
d t  
= 
v dt + v dt - V2 dt 
which, by substituting 
R = PV 
mT 
15 
will become 
dP = P dm + R_ dT _ R_ dV 
dt m dt T dt V dt 
(8 ) 
The first term of Equation (8) can be obtained from compressible 
flow through the orifice which is derived in Reference (3) as 
Also 
dm 2gk P0 P 2/k 
d t 
= CA1 { ( ) __.... [ (- ) k-1 Vs P8 
P dm Pv dm 
m dt 
= 
V dt 
p(k+l)/k 1/2 
(-) ] } Ps 
Equations (9 ) and (10) combined give 
P d P 2 k P 2/k p(k+l)/k 1/2 - ....!!!. = _y_ CA_ { ( �) !:s_ [ ( -) - ( - ) . ] } m dt V --i k-1 v8 P 8 P s 
· 
With the assumption of an isentropic process, 
(k-1)/k 
Pv = (E.) P v 
p s s s 
(9) 
(10) 
(11) 
(12) 
and Equation (12) substituted into Equation_ (10) and simplified, the 
result is 
= 
PsAl 1/2 k 
2 p(3k-l) /k 1/2 
P dm {( (!:) {C(2gP v · ) k-1 ' [ - (p-) ] } ] m dt v s s Ps s 
Let F(P) equal the terms in the outer brackets: 
P dm _ p sAl - - - - F(P) m dt V 
Now apply the isentropic relationship to the second term of 
Equation (8 ),  
p(k-1) /k T = T (-) s p s 
(13) 
and after differentiating ln T with respect to time and simplifying, 
16 
obtain 
P dT (k-1) 
dP 
T dt = k dt 
(14) 
When Equations (13) and (14) are substituted into Equation (8) and 
after simplification, the following expression results: 
where 
dP = k [ p A F(P) _ p dV) dt v s 1 dt 
V = V. + AX 1 p 
When Equation (16) is differentiated with respect to time, 
dV -= dt 
A dX 
p dt 
(15) 
(16) 
(17) 
and substituted with Equation (17) into Equation (15) , the result is 
where 
P• dX, - .t\ - J p dt 
1/2 2 (3k-l) /k 1/2 
F(P) = C{2gP v ) { (_k )[(�- ) - <R ) ]} . s s 'k-1 p 'P s s 
(18) 
(19 ) 
Equations (18) and (19) represent th� flow of the pressure signal 
between the linear pressure switch and the pneumatic cylinder 
for the compression mode. 
Expansion Mode: 
The approach for the expansion mode is the same as for the 
compression mode. The governing equa_tions are listed below 
without derivation. 
dP = 
dt 
kP [ A G(P) Vi + A X 2 p 
(20) 
17 
G(P) 
p 2/k 
(p
a) ] } 1/2 
Equations (20) and (21) represent the flow of the pressure signal 
between the linear pressure switch and the pneumatic cylinder 
for the expansion mode. 
From Equations (19) and (20) it is clear that F(P) and G(P) 
can be either positive or negative. However, from Equation (15) 
it can be seen that F(P) must be positive since pressure changes 
due to flow into the cylinder have the opposite effect as volume 
changes due to flow into the cylinder. By similar reasoning it . 
was determined that G(P) must be negative• 
In the preceding analysis the response of each element of the 
feedforward path was described by a mathematical equation, 
(21) 
and the response of the elements of the feedback path was obtained 
from experimental data. The signal between elements was assumed 
to exist instantaneously in all cases except between the linear 
pressure switch and the pneumatic cylinder where equations 
describing the signal flow were developed. The simultaneous· 
solution of the above mathematical and experimental relationships 
was accomplished by means of a digital computer program to obtain 
the transient response of the control system. A listing of this 
program is contained in Appendix C. 
The simultaneous solution of the three differential equations 
was accomplished by use of a standard IBM subroutine called R.KGS. 
This subroutine utilizes a fourth order numerical method developed 
18 
in Reference 4. 
Interpolation between ex-perimental data points was accomplished 
by use of a McDonald Douglas subroutine called INSl. This sub­
routine can be used to yield either a linear or quadratic inter­
polation. 
An elementary transient response analysis was used to determine 
the parameters. This analysis is outlined in Appendix B. 
RESULTS AND CONCLUSIONS 
The results are shown in Figure 8 which includes both theoretical 
and actual transient response curves. These curves represent the 
transient response to a step input corresponding to a pneumatic 
cylinder pressure of 15. 4 psig. Cylinder pressure was used 
because it was much easier to record than c�nterbody displacement. 
Figure 4 shows that for 
pl � p � p2 
the sound level is at a minimum. The theoretical curve oscillations 
are all within this range. This implies that the theoretical 
sound level response would show none of these oscillations and 
would reach and remain at a minimum when the cy linder pressure 
reaches P1• Since the maximum peak on the theoretical curve occurs 
at P = P2, the upper limit' of the minimum sound level range, the 
sound level response is critically damped with a response time of 
approximately 0. 52 seconds. Thus although the cylinder pressure 
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response is underdamped, the sound level response is actually 
critically damped and the sound level response time is minimized. 
The experimental curve, however, has peaks above and below 
the minimum sound level range which will show up as small oscillations 
in the sound level curve. This deviation from the theoretical can 
be attributed to response time of the elements of the control system 
and to the existence of some coulomb friction in the motor and 
other elements connected by mechanical shafts. 
Eoth curves show small initial pressure pulsations. These were 
caused by the compressibility of the working fluid and appear 
initially because the volume of the pneumatic cylinder is small 
initially. 
The theoretical analysis seems to agree with the experimental 
data quite well. Although the peaks on the experimental curve 
are both outside the minimum·soun<l level range these can be reduced 
by increasing the damping ratio discussed in Appendix B. 
RECOMMENDATIONS FOR FULL SCALE 
This system utilizes pneumatic actuation primarily because 
of the availability of such equipment for small model testing. 
However, for full scale operation a hydraulic system would have 
to be used because of the minimum amount of space available for 
the actuating cylinder. The analysis for a hydraulic system would 
be exactly the same except for the equations describing the signal 
21 
flow between the linear pressure switch and the pneumatic cylinder. 
These equations would be much simpler because the assumption of 
imcompressibility of the working fluid could be made. 
22  
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APPENDIX A 
The following discussion is included for the purpose of giving 
a clearer description of each of the elements used in the 
laboratory simulation of the control system. The complete 
laboratory set-up is shown in Figure 9. This figure shows the 
2 4  
choked inlet, the steam ejector used to generate the flow of air through 
the inlet and the electronic and mechanical equipment used to choke 
the inlet. This laboratory equipment is shown in block diagram 
form in Figure 2.  
Figures 10 and 11 show the choked inlet with the centerbody 
fully retracted and fully extended respectively. The centerbody 
is actuated by a pneumatic cylinder located inside the duct. 
Increasing the air pressure inside the pneumatic cylinder results 
in translation of the centerbody. This in turn reduces the throat 
area and thus increases the throat velocity until a point is 
reached where the inlet becomes choked. When the inlet is choked 
the standing shock wave near the throat acts as a barrier to sound waves 
propagating out of the inlet and the inlet noise is reduced. 
Figure 12 shows the centerbody. Around the circumference of 
the centerbody are shown the vortex generators and the air 
injection slot used to prevent boundary layer separation. Along 
the axis are shown several static pressure tabs. The tab located 
nearest the leading edge of the centerbody was used for the 
velocity pressure feedback signal. This tab is connected to the 
25 
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Figure 10. Retracted Centerbody 
Figure 11� Extended Centerbody 
Figure 12.  Centerbody 
Figure 13. Inlet and Microphone 
2 7  
linear pressure transducer shown in the lower right-hand corner of 
Figure 13 which converts it to an electronic signal. The instrument 
on the left in Figure 17 is the power supply for that transducer. 
The sound level feedback is picked up by the microphone shown 
on the left of Figure 13. The microphone is connected to the 
frequency analyzer (sound level meter) shown on the left in 
Figure 14. The high frequency signal at the output of the frequency 
analyzer is converted to a d-c signal by the digital volt meter 
(rectifier) shown on the right of Figure 14. 
The two feedback signals, the output of the linear pressure 
transducer and the output of the digital volt meter, are brought 
to the sununing point shown on the upper left-hand corner of the 
chassis in Figure 16. This chassis also contains the operational 
amplifier with its feedback compensation (c�mpensation amplifier) 
and the power amplifier. 
The output of the power amplifier feeds the d-c motor shown 
on the left in Figure 15. This motor drives the linear pressure 
switch through two cascaded speed reducers also shown in Figure 15. 
The output of the linear pressure switch feeds the pneumatic 
cylinder (not shown). 
This completes the loop shown in the block diagram in Figure 2.  
Photographs o f  all o f  the elements of this block diagram have been 
included in the above discussion except for the pneumatic cylinder 
which is located inside the steam ejector. 
2 8 
Figure 14. Frequency Analyzer and Digital Volt Meter 
Figure 15. Shaft Connected Elements 
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APPENDIX B 
In order to obtain initial data for the parameters involved 
in the computer analysis it is necessary to do a simplified 
transient response analysis. This analysis follows. 
Referring to Figure 2, the anaiysis will begin with the 
feedforward path. Equations (2) through (7 ) are the input-output 
relations which describe the elements. These equations are listed 
below. 
Compensation amplifier 
Power amplifier 
v 
m = -K 
E a 0 
D-C motor 
2 K K. K I U + (b + _T_- _l> ) d6 = __!. V 
dt2 Rm dt 
Rm m 
Speed reducer 
eo 
cr-=Ks 
v 
Linear pressure switch 
Pneumatic cylinder and centerbody 
2 k A d x + _£ x = J.(p - p ) 
d 2 M M a t p p 
kc 
- X M o 
p 
F 
M 
p 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
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For the purpose of this analysis it will be assumed that the 
signal between elements exists instantaneously. This implies that 
p = p c 
and Equation (6) becomes 
p 
9
= K 
0 
p 
(22) 
Also it will be assumed that the input-output relationship for the 
pneumatic cylinder and centerbody is proportional. Equation (7 ) 
then becomes 
(23) 
When taking the Laplace transforms of Equations (2) through (5), 
32 
(22) and (23) and combining them (also assuming zero initial c.onait:ii.Jn.s), 
the result is 
KdK K K K R2 X(S) = p s T a 
E (S) RmRl I rs2 + (b + .�1 �/Rm) s 
The following definitions 
B = b +KT� Rm 
substituted in Equation (24) give 
X( S) = K 
E (  S) S ( IS + B) 
This is the input-output relationship for the feedforward path 
the feedforward transfer function. generally ref erred to as 
(24) 
(25) 
(26) 
(27) 
The transfer function for the feedback path was obtained from 
experimental data. Figure 5 shows a plot of the error signal 
which is given by 
33 
(l)· 
In this equation � represents the reference input signal corresponding 
to the steady-state output, and the terms N - P represent the 
v v 
feedback signal. With the definition 
F = N - P b v v 
Equation (1) after transformation becomes 
E(S) = � (S) + Fb (S) .  
This represents the summing point equation. 
Figure 5 indicates that the relationship between the feed-
back signal and centerbody displacement can be approximated 
by a linear function. Thus 
(28) 
Fb = :...�x. (29) 
When the Laplace transform of Equation (29) is taken, the result is 
which is the feedback transfer function. 
The simplified block diagram is shown in Figure 18. Equations 
(27), (28), and (30) describe the elements of this diagram. They 
will now be combined to form the closed�loop transfer function. 
The substitution of Equation (30) into Equation (28) yields 
E(S) = � (S) - KNPX (S) (31) 
l):(S) E(S) -E� B) I ---- --- --�-�-�-�----
-�p 
I 
Figure 18. Block Diagram for Simplified Control System 
w 
J:'-
and the substitution of Equation (31) into (27) gives 
X(S) _ K 
l):{S)- IS2 +BS+� 
Equation (32) represents th� closed-loop transfer function for 
the control system shown in Figure 18. 
The steady-state solution for Equation (32) can be obtained 
by applying the following theorem: 
Lim f ( t) = Lim SF(S). 
t->ro S->o 
Since this is a tr�nsient response analysis � must be a step 
function of magnitude �· Then 
RE 
J):(S) = S 
(32) 
When this is substituted in Equation (32) and the limits are taken, 
the following expression is obtained: 
Lim X (t) = Lim SX(S) = Lim � 
t->OO S-+o s-+o rs2 + BS + �p 
or 
x 
SS 
This is the steady-state solution� It is dimensionally correct 
since � has the units of volts and �Il' has the units of volts 
per inch of centerbody translation. 
For the transient analysis, Equation (32) can b� written in 
the fallowing form: 
(33) 
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X(S) 
�(S) 
K 
�][S 
I 
B . I B 2 KK _ 
- -v (- ) - --fill ] 21 2I --
I 
From this equation it can be seen that for critical damping to 
occur, the following must be true: 
B = B = 2 \jIKK_ c --�p 
Thus, the damping ratio is given by 
B ; = B = 
B 
c 
2 yr�P 
(34) 
(35) 
For further discussion of the critical damping and stability criterion 
see Reference (5), chapter six. In this discussion Ogata suggests 
that th� damping ratio have the following range: 
0.4 � �� 0.8 
Since the control system is underdamped, the solution of Equation 
(32) will be 
X (t) = 
� 
�p 
where the time constant, T ,  is given as 
T = _li 
B 
and the damped natural frequency, Wd
' is given as 
The time necessary for the transient so.lution to die out is 
generally accepted as four time constants or 
t SS _ 4T = .§.!_ B. 
(36) 
(37) 
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From this equation and Equations (25), (26), (33) and (35) 
it is possible to select the initial values for all the parameters 
for the computer analysis. These equations are listed below. 
B = b +KT
� 
R m 
x � SS = -
�p 
B 
� = 2-yr� 
t BI =-SS B 
(26) 
(33) 
(35) 
(37) 
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X 0 l = T A  Bl E ( I - 2  ) - T � B l  E ( I ) 
X 0 2 = T A 8 l E ( I - 2 ) - T A B.l E ( I + 2 ) 
·X l 2  = T A B L E C ! )  - T A B L E ( l + 2 ) 
O U T P U T = T A B L E C I �l ) * X A l / X O l *  X A 2 / X 0 2 - T A B L E C l + l ) * X � O / 
l X O l * X A 2 / X l 2  + T A O L E ( l + 3 ) *X A O / X 0 2 � X A l / X l 2  
N E R  = l 
GO T O 7 5  
7 0  O U T P U T  = T A B L E l J )  
7 5  R E T U R N 
E N D 
43 
MA I N  PROGRAM F LOWCHART · 
I NPUT 
FEEDBAC K I 
DA
l
_
· 
__J 
�---·�A�-, 
PR I NT / HEAD I NGS / 
I 
----- -----� 
N EW 
R KG S  
DATA 
44 
45 
SUBROUT INE  FCT FLOWCHART 
START 
G ET 
FEEDBAC K j 
. I 
P ROPORT I ONAL  1 
ELEMENTS 
46 
0) 
T 
L IM I T  
DATA 
SO LV E --1 
D I FF ER ENT IAL  
EQUAT IONS 
r---- � \._ STOP j 
47  
SUBROUT I NE OUTP FLOWCHART 
�TART) 
�-�r � 
SELECT l 
APPRO PR IAT E  i 
INITIAL ! 
CONDIT IONS l 
I 
·-�-· - . �- � ' PR I NT I 
SYSTEN / 
OUTPUT / 
I 
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